A new feature extraction approach based on elastic meshing and directional decomposition techniques for handwritten Chinese character recognition (HCCR) is proposed in this letter. It is found that to decompose a Chinese character into horizontal, vertical stroke, left slant and right slant directional sub-pattenrs is very helpful for feature extraction and recognition. Three kinds of decomposition methods are proposed. A minimum distance classifier is trained by 3755 categories of characters using the new features. Testing on total 37,550 untrained handwritten samples produces the recognition rate of 92.36%, showing the effectiveness of the proposed approach.
Introduction
Handwritten Chinese Character Recognition (HCCR) has been a challenging problem of both industrial and academic interests for many years [1] [2] [3] [4] [5] [6] 10 . One main difficulty in HCCR is that there are large variations in different handwriting styles and it is hard to find a stable and distortion invariant features. Feature extraction plays an important role in most HCCR system. Although many feature extraction approaches have been proposed in the field of HCCR [1] [2] [3] [4] [5] [6] , most of them have different kinds of weakness while being used in a practical HCCR system. It may be safe to say that to find stable and writing-style invariant features for HCCR is still an open problem.
In this letter, a new feature extraction approach is proposed for handwritten Chinese character recognition based on elastic meshing and directional decomposition techniques, which consists of the following three steps: firstly, the elastic meshing technique is employed to a given character to obtain a set of elastic meshes. Secondly, the character is decomposed into four directional patterns. Finally, the elastic meshes are applied to each of the directional pattern and the probability distribution of the pixels within each mesh is computed as features. Our preliminary experiments have shown the effectiveness of the proposed method.
Directional Decomposition of Handwritten Chinese Character
It is well known that there are four kinds of basic strokes in Chinese characters, namely, horizontal stroke, vertical stroke, left slant and right slant stroke. Therefore, it is natural to decompose a character into the four directional sub-patterns before feature extraction is carried out. In fact, it has been found by experiments that the features extracting based on the decomposed sub-patterns is much better than that based on non-decomposed character patterns 5, 8 . A black pixel in a character image can be refined into one of the four sub-patterns according to how the consecutive black pixels are arranged. We found by experiment that there are three kinds of decomposing strategies to refine a Chinese characters into four directional-patterns, namely, AND decomposition strategy, OR decomposition strategy, EDGE Decomposition Strategy.
AND decomposition strategy
Let p is a black pixel which is denoted by "1" in a binary skeleton character image. The 8 neighborhood pixels of p are shown in figure 1 . As shown in figure 1 , decomposition of a black pixel p into corresponding sub-pattern using "AND Decomposition Strategy" is given by:
If p 1 This strategy is used in Ref. 4 . If p is a white pixel, it is just refined as a white pixel which is denote by "0".
OR decomposition strategy
Decomposition of a black pixel p using "OR Decomposition Strategy" is given by: If p 1 
EDGE decomposition strategy
Another strategy to decompose a character is to examine its edge boundary to obtain a set of directional edge images 9 . As shown in figure 2, four directional edge operators are designed to refine a Chinese character into four directional image patterns.
-1 -1 -1 Figure 3 shows the results of decomposing a Chinese character "我" with different decomposition strategies. It could be seen that figure 3(c) may be viewed as a kind of rigid decomposition whereas figure 3(d) and (e) may be viewed as a kind of fuzzy decomposition. Note that it is necessary to skeleton a character before use 'OR' or 'AND' decomposition strategy, but it is not necessary to do so when using 'EDGE' decomposition strategy. 
b). Skeleton character of (a). (c). Decomposing results using AND decomposition strategy. (d).
Decomposing results using OR strategy. (e). Decomposing results using EDGE strategy.
Elastic Meshing Technique
Cellular features are widely used in character recognition 1, 4 . Meshing is the key approach to extract the cellular features. Basically, there are two kinds of meshing methods, say, fixed meshing method where a set of position-fixed meshes are used, and elastic meshing method where a set of position-adaptable meshes are designed according to the distribution of black pixels of a character. As there are large variations among different writing styles of handwritten characters, elastic meshing is found better than fixed meshing in most situations 5, 8, 10 . Figure 4 illustrates several examples of different meshing methods. 
Global elastic meshing
As shown in figure 4 (b), global elastic meshes are constructed through equally dividing the horizontal and vertical histogram of a given character into certain number, say N, of different intervals such that each interval contains an equal number of histogram, we call this N×N elastic meshes.
Local elastic meshing
Local elastic meshes are obtained through two steps. A set of global elastic meshes are firstly constructed according to the global distribution of the horizontal and vertical histograms of a given character, and then, in each local sub-region, the local horizontal and vertical histograms are computed again and a set of elastic meshes are constructed by equally dividing the local histograms. Figure 4 (c) illustrates an example of 4×4 local elastic meshes where the character is first divided into 4 sub-areas, and then each sub-area is finally divided into 4 sub-regions.
Extraction of Directional Cellular Features
After a character is decomposed into four directional sub-patterns, the elastic meshes described above are applied to the four sub-patterns respectively, as shown in figure 5 . The distribution of black pixels in each mesh is computed as the cellular features. 
Experiments
Our experiments were performed on 3755 Chinese characters selected from the database SCUT_IRAC-1 that we have built. The database contains 3755 Chinese characters which cover the National Standard Chinese Character Set 1 (Region number ranges from 16 to 55) and 94 categories of alphanumeric, digital and symbolic characters. Each character has 50 different writers' samples. All data are digitized in high-resolution (300 DPI) binary image. Figure 6 shows some samples from the database. 
Performance against different decomposition strategies and elastic meshes
376 categories of characters from region 25 to 28 of the National Standard Chinese Set 1 are used in our experiments. 40 samples from each category are used to train a minimum distance classifier 7 , and the rest 10 samples are used as testing data.
Experimental results with different decomposing strategies and different meshes are shown in table 1 and table 2 respectively. Table 1 shows that the recognition rate increases greatly with the decomposition of a character. This indicates that decomposition of a Chinese character is very helpful and useful for feature extraction and recognition. It can also be seen that decomposition with "OR" or "EDGE" strategies produced much higher recognition rate than that of "AND" strategy. This is due to the fact that decomposition with "OR" or "EDGE" strategies are a kind of fuzzy decomposition and the fuzzy information makes them more tolerable to the distortion of different handwritten styles. Table 2 indicates that 4×9 local elastic meshes produce the best result. However, 4 ×16 local elastic meshes and 8×8 global meshes also produce similar results, but the feature dimension of 4×9 meshes are much less than that of 4×16 meshes and global 8 ×8. It can be seen that the recognition rate does not increase monotonically with the increase of the number of meshes. With computation consumption taken into consideration, using local 4×9 meshes may be good choice in a practical recognition system. We can also see that using local elastic meshes is better than using global elastic meshes.
An experimental HCCR system
It is known that the vocabulary of Chinese characters is very large. To build a practical handwritten Chinese character recognition system, the classifier should be trained by daily-used character set, say, 3755 characters. In our experiments, the 50 handwritten samples of each character were divided into two sets: The first 40 samples were selected as training data and the rest 10 samples were used as testing data. Local 4 × 9 and "EDGE" decomposition strategy were adopted to extract features. The recognition results are shown in table 3. The recognition rate we got is very encouraging. It can be seen that the candidate recognition rate is very high. This indicates that the proposed approach can also be used as a good pre-classifier. If incorporating with a proper language model (post-processing stage), it could be expected to increase the recognition rate furthermore for a practical HCCR system. 
Conclusion
In this letter, a novel feature extraction approach is proposed for computer recognition of handwritten Chinese characters. It is found that to decompose a character into four directional sub-patterns is very helpful and useful for recognition. Extension of this method may also be used in handwritten digital and alphabet character recognition, which may merit our further study.
